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AZOLE PEPTID0MIMET1CS AS THROMBIN 
RECEPTOR ANTAGONISTS 

5 

BACKGROUND OF THE INVENTION 

Thrombin is an important serine protease in hemostasis and thrombosis. 
1 0 One of the key actions of thrombin is receptor activation. A functional human 
thrombin receptor, cloned by Coughiin in 1991 (T.-K. Vu, Cell 1991, 64, 
1057). was found to be a member of the G-protein coupled receptor (GPCR) 
superfamily. The receptor activation putatively occurs by N-terminal 
recognition and proteolytic cleavage at the Arg-41/Ser-42 peptide bond to 
15 reveal a truncated N-terminus. This new receptor sequence, which has an 
SFLLRN (Ser-Phfe-Leu-Leu : Arg-Asn) N-terminus acting as a tethered ligand 
to recognize a site on the receptor, can trigger activation and signal 
transduction leading to platelet aggregation. Since 1991, two other 
protease-activated receptors with extensive homology to the thrombin 
20 receptor, "PAR-2" (S. Nystedt, Proc. Natl. Acac. Set USA 1994, 91, 9208) 
and"PAR-3" (H. Ishihara, Nature 1997, 386, 502), were cloned, and found 
to be activated by similar N-terminal hexapeptide sequences. Thrombin 
receptor (PAR-1) specific antibody-induced blockade of the platelet thrombin 
receptor has shown efficacy against arterial thrombosis in vivo (J. J. Cook 
25 Circulation 1995, 91, 2961). Hence, antagonists of the thrombin receptor 
based on SFLLRN are useful in antagonizing these protease-activated 
receptors and as such may be used to treat platelet mediated thrombotic 
disorders such as myocardial infarction, stroke, restenosis, angina, 
atherosclerosis, and ischemic attacks by virtue of their ability to prevent 
30 platelet aggregation. 

The thrombin receptor has also been identified on other cell types: 
endothelial, fibroblast, osteosarcoma, smooth muscle, and neuronal/glia. 
Thrombin activation of endothelial cells upregulates P-selectin to induce 
35 polymorphonuclear leukocyte adhesion - an inflammatory response of the 
vessel wall (Y. Sugama, J. Cell Biol. 1992, 119, 935). In fibroblasts, 
thrombin receptor activation induces proliferation and transmission of 
mitogenic signals (D.T. Hung, J. Cell Biol. 1992, 116, 827). Thrombin has 
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been implicated in osteoblast proliferation through its activation of 
osteoblast cells (D. N. Tatakis, Biochem. Biophys. Res. Comrnun. 1991, 
174, 181). Thrombin has been implicated in the regulation and retraction of 
neurons (K. Jalink, J. Cell. Bid, 1992, 1 78, 411). Therefore, in this context, 
5 the antagonist compounds of this invention may also be useful against 
inflammation, restenosis, osteoporosis, and neurodegenerative disorders. 

The compounds of the present invention are azole peptidomimetics 
represented by the general formula (I) below. Azole-containing cyclic 

10 peptides have been synthesized to be employed as cytotoxic agents (C. 
Boden, Tetrahedron Lett. 1994, 35, 8271). By contrast, the azole 
peptidomimetics of the present invention are strictly acyclic with activity 
against the thrombin receptor. Azole-based dolastatin analogues have 
been prepared as antitumor agents (K.Sakakibara, PCT Int. Appi., 31 pp., 

15 W09633212). These compounds contain a 4-thiazole-alkylamide C- 
terminus, whereas the compounds of the present invention require at least 
two amino acid residues C-terminal to the 4-thiazote carboxamide for activity 
against the thrombin receptor. Similarly, azole endothelin antagonists have 
been prepared which contain a 4-thiazole-carboxylic add C-terminus (T. 

20 von Geldern, J. Med. Chem. 1996, 35, 957). 



DISCLOSURE OF THE INVENTION 

25 The present invention is directed to compounds represented by the 

following general formula (I): 



wherein A1, A2, A3, A4, R1, R2, R3, and X are as hereinafter defined. The 
compounds of the present invention are platelet aggregation inhibitors and 
as such are useful in treating platelet-mediated thrombotic disorders such as 
arterial and venous thrombosis, acute myocardial infarction, reocclusion 
35 following thrombolytic therapy and angioplasty, inflammation, unstable 




(I) 



30 
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angina, and a variety of vaso-occlusive disorders. These compounds are 
also useful as antithrombotics in conjunction with fibrinolytic therapy (e.g., t- 
PA or streptokinase). Pharmaceutical compositions containing such 
compounds as the active ingredient as well as methods cf preparing the 
5 compounds are also part of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

More particularly, the present invention is directed to compounds of the 
1 0 following formula (I) : 




(I) 

15 wherein A 1 is an amino acid residue selected from Sar, Gly, His, 

His(CH 2 Ph), He Ser, Thr. p-Ala, or Ala. A, may also be a C 2 -C 6 -acyl group 
such as, for example, acetyl, propionyl or butyryl or a C r C 8 -alkyl group 
such as, for example, methyl, ethyl, propyl or butyl; 

20 wherein A 2 is an alkyl amino acid residue selected from Cha, Leu, He, 

Asp, and Glu or an amino alkyl amino acid residue such as Lys, His, Om, 
homoArg and Arg; 

wherein A 3 is an amino alkyl amino acid residue selected from Lys, His, 
25 Om, Arg and homo Arg; 

wherein A 4 is an arylalkyl residue selected from Phe and Tyr or an 
aralkylamino group such as benzylamino or a phenethylamino group; 

30 wherein R 1 is selected from H or alkyl; 

wherein R 2 is an aryl, substituted aryl, heteroaryl,substituted heteroaryl, 
aralkyl or substituted aralkyl group, however R 2 is preferably aralkyl; 

35 wherein R 3 is selected from H or alkyl; 



3 



WO 99/42475 



PCT/US99/02627 



wherein X is selected from S, O, or NR 4 , wherein R 4 is selected from H 
or alkyl; 

5 and the pharmaceutical^ acceptable salts thereof. 

As used herein, unless otherwise noted alkyl and alkoxy whether used 
alone or as part of a substituent group, include straight and branched chains 
having 1-8 carbons. For example, alkyl radicals include methyl, ethyl, 

10 propyl, isopropyl, n-butyl, isobutyl, sec^butyl, f-butyl, n-pentyl, 3-(2- 
methyl)butyl, 2-pentyl, 2-methylbutyl. neopentyl, n-hexyl, 2-hexyl, 2- 
methylpentyl and the like. Alkoxy radicals are oxygen ethers formed from 
the previously described straight or branched chain alkyl groups. Acyl 
radicals are residues having 2-6 carbon atoms derived from an organic acid 

1 5 by removal of the hydroxy! group. 

The terms "aryf, "heteroaryl", "substituted aryl" and "substituted 
heteroaryl*' as used herein alone or in combination with other terms 
indicates aromatic or heteroaromatic groups such as phenyl, naphthyl, 
20 pyridyl, thienyi, furanyl, or quinolinyl wherein the substituent is a halo, alkyl, 
amino, nitro or alkoxy group. The term "aralkyl" means an alkyl group 
substituted with an aryt group. 

Unless otherwise indicated, the other substituent on the carbon to 
25 which R 2 is attached is hydrogen. 

The compounds of the present invention may also be present in the 
form of a pharmaceutical^ acceptable salt. The pharmaceutical^ 
acceptable salt generally takes a form in which the basic nitrogen is 

30 protonated with an inorganic or organic acid. Representative organic or 
inorganic acids include hydrochloric, hydrobromic, hydriodic, perchloric, 
sulfuric, nitric, phosphoric, acetic, propionic, glycolic, lactic, succinic, maleic, 
fumaric, malic, tartaric, citric, benzoic, mandelic, methanesulfonic, 
hydroxyethanesulfonic, benezenesulfonic, oxalic, pamoic, 2- 

35 naphthalenesulfonic, a-toluenesulfonic, cyclohexanesulfamic, salicylic, 
saccharide or trifluoroacetic. 
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Particularly preferred compounds of the present invention include 
those compounds shown in Table I, where the amino acids bear the M L" 
absolute configuration unless denoted otherwise. 



TABLE 1 
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Arg 
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20 



The antagonists of the present invention may be prepared as shown in 
Scheme AA. Protected oxazole intermediates (AA2) can be prepared in two 
steps from the corresponding dipeptide (AA1) by Burgess Reagent- 

25 mediated cyciization to the oxazoiine and then oxidation with, for example, 
t-butyl peroxybenzoate to give the oxazole (AA2). Dlpeptides such as AA1 
can be synthesized from the corresponding protected amino acids using 
standard solution-phase peptide coupling conditions utilizing EDC as the 
activating agent, NMM as the base and DCM as the solvent. Standard 

30 peptide methods are employed to complete the synthesis (e.g. compound 
1). Boc removal from AA2 utilizing an acid such as, for example.TFA or HCI 
and coupling with Boc-Sar-OSu affords AA3. The ester is then saponified 
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with a base such as, for example, lithium hydroxide or any alkali metal or 
alkaline earth metal base and the carboxylic acid product is coupled with H- 
Cha-OMe to give AA4. Saponification of AA4 with a base, such as lithium 
hydroxide, for example, coupling with H-Arg(Pmc)-NHBn (EDC), and 

5 deprotection with TFA affords the product (1). The aforementioned Arg 
reagent, and other Arg amides in general, can be prepared in two steps from 
Fmoc-Arg(Pmc)-OH by EDC-mediated coupling with benzylamine and then 
Fmoc removal, with 20% piperidine in dioxane. Although the Scheme is 
used to illustrate the preparation of those compounds wherein R2 is p-F-Ph, 

10 all of the compounds of the present invention can be prepared using the 
method illustrated in Scheme AA by utilizing an appropriately substituted 
oxazole, thiazole or imidazole as the starting material. Intermediate azoles 
other than oxazole AA2 can be prepared according to the methods 
exemplified in Schemes AB, AC, and AD. 
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p-F-Ph 



SCHEME AA 

1) Me0 2 CNS02NEt 3 



BocHN Y Y OMe " 

O \ 2) PhCOjtBu, Cu(OAc)2 



OH 



AA1 



CuBr 



BOCHN 



p-F-Ph 



OMe 



AA2 



DTFA.DCM 



2) Boc-Sar-OSu, NMM 



p-F-Ph 
BocO / Q 



Me 




OMe 



DLiOH, aq.THF 



2) H-Cha-OMc. EDC 



BocO 



p-F-Ph 




AA4 



AA3 



l)LiOH,aq.THF 



2) H-Arg(Pmc)-NHBn, EDC 

3) TFA, PhOMe, DCM 



p-F-Ph 



C.H 



6"11 
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SCHEME AB 



10 



BocHN V 



p-F-Ph 
NH 2 



ABl 



p-F-Ph 



1) Lawesson rgt 



2) BrCHjCOCOjEt, 
NaHC0 3 , DME 

3) TFAA, pyridine 



BocHN 




OEt 



AB2 



The thiazole intermediate AB2 can be prepared in three steps from an 
amino acid residue (AB1) using Hantzsch cyclization methodology (Scheme 
AB). AB1 is converted to the corresponding thioamide using Lawesson's 
Reagent. The thioamide is then alkylated with ethyl 3-bromopyruvate, and 
the product is cyclized with trifluoroacetic anhydride to give AB2. Those 
compounds of the present invention wherein X is S can be prepared from 
AB2 using standard peptide coupling procedures as exemplified in Scheme 
AA. 



15 



20 



25 



X N 1 
BOCHNY YO Me 



Me OH 



ACl 



SCHEME AC 

1) Dess-Martin oxid'n 

2) TEA.PPh 3 .I 2 



p-F-Ph 




The 5-methyl-oxazole intermediate AC2 can be prepared in two steps 
from a dipeptide (AC1) (Scheme AC). AC1 is converted to the 
corresponding methyl ketone using the Dess-Martin reagent and the methyl 
ketone is then cyclized with triphenylphosphine/iodine to give AC2. In the 
case of compound 10, the A/,A/-dimethyl-p-F-Phe derivative is prepared by 
reductive alkylation with, for example, formaldehyde/sodium 
triacetoxyborohydride following Boc removal with, for example, TFA from 
AC2, and then the synthesis completed as shown in Scheme AA. 

Those starting materials wherein X is NR 4 can be synthesized 
according to methods known to those skilled in the art. (S. K. Thompson, J. 
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Med. Chem. 1994, 37, 3100). In this procedure, EDC-mediated coupling of 
Boc-p-Phe-OH (AD1) with 4-amino-isoxazole followed by hydrogenation 
(Hj/Pd-C) and sodium hydroxide-mediated cyclization provides the 
corresponding 2-substituted-imidazole-4-ccrbcxaldehyde (AD2, Scheme 

5 AD). Oxidation of this aldehyde to the corresponding imidazole-4-carboxylic 
acid using standard methods (NaC10 2 ) **nd trimethylsilyldiazomethane 
esterification provides the imidazole AD3. Those compounds of the present 
invention wherein X is NR 4 can be prepared from AD3 using standard 
peptide coupling procedures as exemplified in Scheme AA. Alkylation of 

10 the imidazole by generally known techniques produces those compounds of 
the invention wherein R 4 is alkyl. 



15 

p-F-Ph 



Scheme AD 



l) 4-Aminoisoxazole 
EDC 



.OH 

BocHN' Y BocHN 

O 2)H 2 ,Pd-<: 

3) NaOH, EtOH 

AD1 AD2 




1) NaC10 2 



2) TMSCHN 2 , DCM 

AD3 

To prepare the pharmaceutical compositions of this invention, one or 
more compounds of formula (I) or salt thereof of the invention as the active 

20 ingredient, is intimately admixed with a pharmaceutical carrier according to 
conventional pharmaceutical compounding techniques, which carrier may 
take a wide variety of forms depending on the form of preparation desired for 
administration, e.g., oral or parenteral such as intramuscular. In preparing 
the compositions in oral dosage form, any of the usual pharmaceutical 

25 media may be employed. Thus, for liquid oral preparations, such as, for 
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example, suspensions, elixirs and solutions, suitable carriers and additives 
include water, glycols, oils, alcohols, flavoring 'agents, preservatives, 
coloring agents and the like; for solid oral preparations such as, for example, 
powders, capsules, caplets, gelcaps and tablets, suitable carriers and 

5 additives include starches, sugars, diluents, granulating agents, lubricants, 
binders, disintegrating agents and the like. Because of their ease in 
administration, tablets and capsules represent the most advantageous oral 
dosage unit form, in which case solid pharmaceutical carriers are obviously 
employed. If desired, tablets may be sugar coated or enteric coated by 

10 standard techniques. For parenterals, the carrier will usually comprise 
sterile water, though other ingredients, for example, for purposes such as 
aiding solubility or for preservation, may be included. Injectable 
suspensions may also be prepared, in which case appropriate liquid 
carriers, suspending agents and the like may be employed. The 

15 pharmaceutical compositions herein will contain, per dosage unit, e.g., 
iablet, capsule, powder, injection, teaspoonful and the like, an amount of the 
active ingredient necessary to deliver an effective dose as described above. 
The pharmaceutical compositions herein will contain, per unit dosage unit, 
e.g., tablet, capsule, powder, injection, suppository, teaspoonful and the like, 

20 of from about 0.03 mg to 100 mg/kg (preferred 0.1-30 mg/kg) and may be 
given at a dosage of from about 0.1-300 mg/kg/day (preferred 1-50 
mg/kg/day). The dosages, however, may be varied depending upon the 
requirement of the patients, the severity of the condition being treated and 
the compound being employed. The use of either daily administration or 

25 post-periodic dosing may be employed. 

BIOLOGY 

The compounds of the present invention interrupt platelet activation 
induced by thrombin's proteolytic cleavage of its platelet surface receptor, 
30 and thereby inhibit platelet aggregation. Such compounds are, therefore, 
useful in treating platelet- mediated thrombotic disorders such as arterial and 
venous thrombosis, acute myocardial infarction, reocclusion following 
thrombolytic therapy and angioplasty, and a variety of vaso-occlusive 
disorders. 
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IN VITRO THROMBIN RECEPTOR BINDING ASSAY. 

CHRF membranes (Jones. Biochim. Biophys. Ada 1992, 1136, 272) 
5 are thawed from -70°C, centrifuged at maximum speed for 5 min, washed 
twice with binding buffer (50 mM HEPES containing 5 mM MgCI 2 and 0.1% 
BSA), and re-suspended in binding buffer (25 ug/100 ml_). 100 ul of 
membranes are added to the 24-Wallac plates and delivered to the Tomtech 
apparatus. In a typical experiment, 6 ul of samples (from a 125 p.g/mL 
10 intermediary plate. 20%DMSO) and 44 ul buffer are delivered to the plates 
(final cone, of compounds is 3.7 ug/mU 0.6% DMSO). Similarly, 6 ul 
20%DMSO and 44 ul buffer are delivered to both column 1 (NSB) and 
column 12 (TB). 10 uJ Ser-pFPhe-Har-Leu-Har-Lys-Tyr-NH 2 (721-40; 500 
u.M in deionized water) is added to column 1 . 50 ul tritiated 721 -40 (specific 
15 activity 46 Ci/mmol) is added to all the wells. The plates are mixed well for 
20 seconds, incubated for 30 min, and then harvested with 10 mM 
HEPES/138 mM NaCI using the Skatron harvester. The filters (GF/C 
Brandel FPXLR 296) are presoaked 3 h in 0.5% polyethylenimine in 
HEPES/0.1 M N-acetylglucosamine) are set in saran wrap and dried for 3 
20 min in the microwave, and placed in sample bags (Wailac 1450-432). 4.5 
mL scintillation fluid (Waltac, Betaptate Scint 1205-440) is added. The bags 
are sealed, placed in filter cassettes (Wailac 1450-104), and analyzed on 
the microbeta counter. 

25 

IN VITRO INHIBITION OF THROMBIN-INDUCED GEL- 
FILTERED PLATELET AGGREGATION ASSAY. 

The percentage of platelet aggregation is calculated as an increase in 
30 light transmission of compound-treated platelet concentrate vs. control- 
treated platelet concentrate. Human blood is obtained from drug free, 
normal donors in tubes containing 0.13 M sodium citrate. Platelet rich 
plasma (PRP) is collected by centrifugation of whole blood at 200 x g for 10 
min at 25°C. The PRP (5 mL) is gel filtered through Sepharose 2B (bed 
35 volume 50 mL), and the platelet count is adjusted to 2x1 0 7 platelets per 
sample. The following constituents are added to a siliconized cuvette: 
concentrated platelet filtrate and Tyrode's buffer (0.14 M NaCI, 0.0027 M 
KCI, 0.012 M NaHC03. 0.76 mM Na 2 HP04, 0.0055 M glucose, 2 mg/mL 
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10 



15 



20 



BSA and 5.0 mM HEPES @ pH 7.4) in an amount equal to 350 uJ, 50 ul of 
20 mM calcium and 50 uJ of the test compound. Aggregation is monitored in 
a BIODATA aggregometer for the 3 min following the addition of agonist 
(thrombin 50 ul of 1 unit/mL). 

Table II shows the biological activity of the compounds of the present 
invention. The table contains ICg, values (u.M) of the compounds in a 
thrombin receptor binding assay, and IC^, values (uM) against platelet 
aggregation stimulated by two agonists, thrombin or SFLLRN-NH 2 (TRAP). 

TABLE II 
Biological Activity 

Thr Receptor Binding Platelet Aggregation" 



25 



Comoound 
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NT 


11 
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*• Thrombin-induced aggregation of gel-filtered platelets in u.M. 

30 

EXAMPLES 



Protected amino acids were purchased from Fluka Chemical or 
Bachem Bioscience Inc. All other chemicals were purchased from Aldrich 
35 Chemical Company, Inc. High field 1 H NMR spectra were recorded on a 
Bruker AC-360 spectrometer at 360 MHz, and coupling constants are given 
in Herz. Melting points were determined on a Mel-Temp II melting point 
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apparatus and are uncorrected. Microanalyses were performed at 
Robertson Microlit Laboratories, Inc., Madison, New Jersey. 

In the examples and throughout this application, th* following 
5 abbreviations have the meanings recited hereinafter: 



Ac Acetyl 

Bn Benzyl 

Boc t-Butoxycarbonyl 

10 Cbz Benzyloxycarbonyl 

CP compound 

DCE 1 ,2-Dichloroethane 

DCM Dichloromethane 

D1C Diisopropylcarbodiimide 

1 5 DlEA Diisopropylethylamine 

DMAP 4-Dimethylaminopyridine 

DME 1 ,2-Dimethoxyethane 

DMF N f N-Dimethylformamide 

EDC Ethyl dimethylaminopropylcarbodiimide 

20 EDTA Ethylenediaminetetraacetic acid 

EteO Diethyl ether 

Fmoc 9-Fluorenylmethoxycarbonyl 

HOBT Hydroxybenzotriazole 
i-Pr Isopropyl 
25 NMM N-Methylmorpholine 
OSu N-Oxysuccinimide 
Pmc 2,2 f 5,7,8-Pentamethylchroman-6-sulfonyl 
PTSA p-ToIuenesulfonic acid 
RT room temperature 

30 TFA Trifluoroacetic acid 

Amino acid abbreviations are defined below: 
Ala Alanine 
(J-Ala beta- Alanine 

35 Arg Arginine 

Asp Aspartic Acid 

Cha Cyclohexylalanine 
p-F-Phe 4-Fluorophenylalanine 
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Glu 


Glutamic Acid 


Gly 


Glycine 


hArg 


Homoargmine (nomoArg) 


His 


Histidine 


5 lie 


Isoleucine 


Leu 


Leucine 


Lys 


Lysine 


Or 


Ornithine 


Phe 


Phenylalanine 


10 Sar 


Sarcosine 


Ser 


Serine 


Thr 


Threonine 
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Tyrosine 



15 

Methyl p-rifS^-f-hiiTnxvcarbo nvlamino-2-U-flt]oroDhen V nflthvlloyazQle-4- 
rarhnxvlate (AA21 

To a solution of Boc-p-F-Phe-OH (0.018 mol). DCM (200 mL), H-Ser-OMe 
20 (0.018 mol). HOBT (10 mg), and EDOHCI (0.036 mol) at 5°C was added 
NMM (0.036 mol). The reaction was stirred for 3.5 h, diluted with sat'd 
NH 4 CI (30 mL). The layers were separated, and the organic layer was 
washed with sat'd NaHC0 3 (30 mL), dried (NajSOJ, and evaporated to give 
a white powder (5.9 g). The powder was dissolved in DME (100 mL), 
25 treated with (methoxycarbonylsulfamoyl) triethylammonium hydroxide 
(0.015 mol), and heated at reflux for 1 h. The reaction was cooled to RT, 
diluted with EtOAc (150 mL) and sat'd NaHC0 3 (30 mL), and the layers 
separated. The organic layer was dried (Na 2 S0 4 ) and evaporated to give a 
white solid (4.8 g). The solid was dissolved in benzene (140 mL), treated 
30 with Cu(OAc) 2 (0.014 mol), CuBr (0.014 mol). and t-butyl peroxybenzoate 
(0.020 mol). and heated at reflux for 5 h. The reaction was cooled, diluted 
with EtOAc (50 mL) and sat'd NaHC0 3 (10 mL), and filtered. The layers of 
the filtrate were separated, and the organic layer dried and evaporated to a 
brown oil. The oil was purified over silica gel (2% MeOH/DCM) to give AA2 
35 as a gold solid (1 .75 g): 'H NMR (CDCl 3 ) 8 8.1 2 (s, 1 H), 7.6 (m. 1 H), 6.9 (m, 
4 H), 5.2 (m, 1 H), 3.91 (s, 3 H), 3.2 (m, 2 H). 1 .40 (s. 9 H); FAB-MS m/e 365 
(MH+). 
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The following examples describe the invention in greater detail and are 
intended to illustrate the invention but not to limit it. 

5 EXAMPLE 1 

p-f^R\-Sarnnsineamirin-P-f4-flur >rnnhPnvnethvl1oxazole-4-carbQXV- 
nynlnhaxvla lanyl-arnininf henrvlamirte (11 

10 Intermediate AA2 (4.1 mmol) was dissolved in DCM (10 mL) and TFA (12 
mL) and stirred for 1 h. The solution was concentrated to give a brown oil, 
and the oil triturated with hexane (50 mL). The oil was dissolved in DCM (60 
mL), treated with Boc-Sar-OSu (4.1 mmol) and NMM (12.3 mmol), and 
stirred for 24 h. The reaction mixture was diluted with sat'd NH 4 CI (15 mL) 
15 and the layers separated. The organic layer was washed with sat'd 
NaHC0 3 (20 mL), dried (Na 2 SO«), evaporated, and purified by silica gel 
chromatography (2%MeOH/DCM) to give a brown oil (AA3, 1.0 g). AA3 (2.1 
mmol) was dissolved in THF (10 mL), cooled m 5°C, treated with aq. LiOH (4 
mmol/20 mL water), and stirred for 2 h. The reaction was acidified with citric 
20 acid (0.5 g) and extracted with CHCI 3 (2x70 mL). The organic materials 
were dried (NajSOJ and evaporated to give a gold foam (0.85 g). The foam 
(2.0 mmol) was dissolved in DCM (60 mL) and treated with H-Cha-OMe-HCl 
(2.0 mmol), HOBT (10 mg), EDC-HCI (3.0 mmol), and NMM (4.0 mmol). This 
mixture was stirred for 2 h. diluted with sat'd NH 4 CI (20 mL), and the layers 
25 separated. The organic layer was dried, evaporated, and purified by silica 
gel chromatography (3% MeOH/DCM) to afford a gold oil (AA4, 1.0 g; FAB- 
MS m/e 589, MH+). AA4 (1.7 mmol) was dissolved in THF (10 mL), cooled 
to 5°C, treated with aq. LiOH (3.4 mmol/20 mL water), and stirred for 2 h. 
The reaction was acidified with citric acid (0.5 g) and extracted with CHCl 3 
30 (2x70 mL). The organic materials were dried (NajSOJ and evaporated to 
give a gold oil (0.71 g). The oil (1 .2 mmol) was dissolved in DCM (60 mL) 
and treated with H-Arg(Pmc)-NHCH 2 Ph (1.2 mmol). HOBT (10 mg), 
EDC'HCl (2.4 mmol), and NMM (1 .2 mmol). This mixture was stirred for 2 h, 
diluted with sat'd NH 4 Cl (20 mL), and the layers separated. The organic 
35 layer was dried (Na 2 S0 4 ), evaporated, and purified by silica gel 
chromatography (7% EtOH/DCM) to afford a clear glass (0.90 g). The glass 
was dissolved in DCM (5 mL) and anisole (0.5 mL), treated with TFA (10 
mL), and stirred for 2.5 h. The solution was evaporated, and the resultant 
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green oil triturated with Et 2 0 (4x30 mL), dried (Na 2 S0 4 ), and isolated as a 
white powder (0.90 g): mp 127-130°C; FAB-MS m/e 720 (MH+); [a] 24 o - 
21.8° (cO.28, MeOH). Anal, calcd. for C37H50N9O5F • 2.0 TFA (947.91): C, 
51.95; H, 5.53; N, 13.30. Found: C, 51.53; H, 5.78; N, 13.05- 

5 

EXAMPLE 2 

9.[1^R^.R.AIaninftamido■2•( A.flllnmnhenvl^Pthvllnxa^o^fl-4-carboxv- 
10 nyHnhexvlala nvl-aminine hPn?vlamide (2) 

Compound 2 was prepared using the method described in example 1. 
Intermediate AA2 (2.2 mmol) was deprotected with TFA and then reacted 
with H-p-Ala-OSu (2.2 mmol) as described. Compound 2 was isolated as a 
15 white powder (0.21 g): mp 108-1 12°C; FAB-MS m/e 720 (MH+). Anal, calcd. 
for C37H50N9O5F • 2.0 TFA • 0.5 H 2 0 (956.93): C, 51.46; H, 5.58; N, 1 3.17; 
KF, 0.91. Found: C, 51.41 ; H, 5.95; N, 13.20; KF, 0.88. 

20 Fthvl 2.rifR\.>LhiJtoxvrarhonvlami no-2-f4-fluornnhenvnethvnthiaZQle-4- 
rarhoxvlate (AB2) 

To a solution of AB1 (14.9 mmol) in dioxane (60 mL) was added Lawesson's 
reagent (8.9 mmoi). This mixture was stirred for 3 h, filtered, and the filtrate 

25 evaporated and purified by silica gel chromatography (2% MeOH/DCM) to 
afford the thioamide (3.9 g). The thioamide (13.1 mmol) was dissolved in 
□ME (80 mL), treated with NaHC0 3 (0.10 mol) and ethyl bromopyruvate 
(39.3 mmol), and stirred for 20 min. The mixture was cooled to 5°C, treated 
with a solution of TFAA (52.4 mmol), pyridine (0.10 mol), and DME (10 mL), 

30 and the ice bath removed. This mixture was stirred for 17 h, filtered, 
concentrated, diluted with DCM, and washed with water. The organic layer 
was dried (Na 2 S0 4 ) and purified by silica gel chromatography (1.5% 
MeOH/DCM) to afford AB2 as a white foam (4.6 g): 'H NMR (CDCI 3 ) 8 8.08 
(s, 1 H), 7.1 (m, 2 H), 6.9 (m, 2 H), 5.3 (m, 2 H), 4.4 (q, 2 H), 3.2 (m, 2 H), 1.5 

35 (t, 3 H), 1 .40 (s, 9 H) ; FAB-MS m/e 395 (MH*). 
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SAMPLE 3 

9-f-HS\-^arrnsinearnirio-2-f4-fluo rnnhenvn6thvnthiazole-4-carbQXV- 
5 rydohexvlal anvl-arnininp nhenethvlamide (3) 

Compound 3 was prepared by the method described for compound 1. 
Intermediate AB1 (1.2 mmol) was dissolved in DCM (10 mL) and TFA (12 
mi_) and the resultant solution was stirred for 1 h. The solution was then 
10 concentrated to give a brown oil, and the oil triturated with hexane (50 mL). 
The oil was dissolved in DCM (60 mL), treated with Boc-Sar-OSu (1 mmol) 
and NMM (3 mmol), and stirred for 24 h. The reaction was diluted with sat'd 
NH 4 Cl (15 mL) and the layers separated. The organic layer was washed 
with sat'd NaHCO a (20 mL), dried (Na 2 S0 4 ), evaporated, and purified by 
15 silica gel chromatography (2%MeOH/DCM) to give an oil. The oil was 
dissolved in THF (10 mL), cooled to 5°C, treated with aq. LiOH (1 mmol/6 mL 
water), and stirred for 2 h. The reaction was acidified with citric acid (0.2 g) 
and extracted with CHCI 3 (2x70 mL). The organic materials were dried 
(NajSOJ and evaporated to give a foam. The foam (0.5 mmol) was 
20 dissolved in DCM (60 mL) and treated with H-Cha-OMe»HCI (0.5 mmol), 
HOBT (3 mg), EDC'HCI (1 mmol), and NMM (1 .5 mmol). This mixture was 
stirred for 2 h, diluted with sat'd NH 4 Cl (20 mL), and the layers separated. 
The organic layer was dried (Na^OJ. evaporated, and purified by silica gel 
chromatography (3% MeOH/DCM) to afford a clear oil. The oil was 
25 dissolved in THF (5 mL). cooled to 5°C, treated with aq. LiOH (0.2 mmol/4 
mL water), and stirred for 2 h. The reaction was acidified with citric acid (0.5 
g) and extracted with CHCI 3 (2x50 mL). The organics were dried (Na 2 S0 4 ) 
and evaporated to give a gold oil (0.71 g). The oil (1 .2 mmol) was dissolved 
in DCM (60 mL) and treated with H-Arg(Pmc)-NHCH 2 CH 2 Ph (1.2 mmol), 
30 HOBT (10 mg), EDC-HCI (2.4 mmol), and NMM (1.2 mmol). This mixture 
was stirred for 2 h, diluted with sat'd NH 4 CI (20 mL), and the layers 
separated. The organic layer was dried, evaporated, and purified by silica 
gel chromatography (7% EtOH/DCM) to afford a clear glass (0.3 g). The 
glass was dissolved in DCM (5 mL) and anisole (0.5 mL), treated with TFA 
35 (10 mL), and stirred for 2.5 h. The solution was evaporated, and the 
resultant brown oil triturated with Et^O (4x30 mL), dried, and isolated as a 
beige powder (0.093 g): 'H NMR (DMSO-d a ) S 9.2 (m, 2 H), 8.4 (d, 1 H), 8.33 
(s, 1 H), 8.2 (m, 1 H), 8.1 (m, 1 H), 7.6 (m, 1 H), 6.9-7.4 (m, 9 H), 5.4 (m, 1 H), 
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4.6 (m, 1 H), 4.2 (m, 1 H), 3.6 (q, 2 H), 3.0-3.5 (m, 6 H), 2.7 (m, 2 H), 2.5 (m, 2 
H), 2.39 (s, 3 H), 1.3-1.9 (m, 10 H), 0.8-1.3 (m, 10 H); FAB-MS m/e 750 
(MH*). 

5 

EXAMPLE 4 

9.[ir^.Rflrrnsinftamirin-P-U-fhjQronhPnvhftthvntria70le-4-carbQXV- 
^Yrinhpyvlalanvl-homnarninvl-phenvlalanineamide U\ 

10 

Compound 4 was prepared by the method described in example 3 from 
AB2 (1.0 mmol) and Boc-Sar-OSu (1.0 mmol) ,and isolated as a tan powder 
(0.021 g): 'H NMR (DMSO-d 6 ) 5 8.38 (s, 1 H), 8.0 (d, 1 H), 7.9 (d, 1 H), 7.5 
(m, 1 H), 7.0-7.4 (m, 9 H), 5.4 (m, 1 H), 4.6 (m, 1 H), 4.4 (m, 1 H), 4.2 (m, 1 H), 
1 5 3.7 (q. 2 H). 3.4 (m, 4 H), 3.1 (m, 4 H), 2.8 (m, 2 H), 2.47 (s, 3 H), 1 .7 (m, 1 H), 
1.3-1.8 (m, 8 H), 0.8-1.4 (m, 16 H); FAB-MS m/e 807 (MH*). 



EXAMPLE § 

20 

9.f1^\.lsnlaiidneam irir)-2-(4-fluornnhanvhftthvntria70le-4-carbOXV- 
ryHnhaYvlalanvl-arginyl.phanvlalanineamide (5) 

Compound 5 was prepared aby the method described in example 3 from 
25 AB2 (1 .3 mmol) and Boc-lle-OH (1 .3 mmol), and isolated as a pale yellow 
powder (0.079 g): 'H NMR (DMSO-d 6 ) 5 9.2 (m, 1 H), 8.8 (m, 1 H), 8.72 (s, 1 
H), 7.7-8.1 (m, 7 H), 7.6 (m, 1 H), 6.8-7.5 (m, 9 H), 5.4 (m, 1 H), 4.6 (m, 1 H), 
4.4 (m, 1 H), 4.3 (m, 1 H), 3.7 (m, 2 H), 3.6 (m, 1 H), 3.4 (m, 2 H), 2.7-3.2 (m, 6 
H), 1.8 (m, 2 H), 1.0-1 .7 (m, 18 H), 0.9 (d, 3 H), 0.8 (t, 3 H); FAB-MS m/e 835 
30 (MH*). 
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EXA MPLE g 

t 

9.f1^^.RarcQsinftamiri n-2-U-<Ujoronhflnvnfithvnthiazr;3-4-carboxv-lvsvl- 
5 arginine phenethvlamide (6^ 

Compound 6 was prepared by the method described in example 3 from 
AB2 (1.4 mmol) and Boc-Sar-OSu (1.4 mmol), and isolated as a tan powder 
(0.099 g): FAB-MS m/e 725 (MH*). 

10 

Methvl P-fl^Vf-buto yvrarhonvlaminn^.U-fluoroDhenvhathvlVS- 

mflthvlnxazolfi-4-carhoxvlate (AC2) 

15 Dipeptide AC1 (12.6 mmol), prepared by the method described for the 
preparation of Boc-p-F-Phe-Ser-OMe in example AA2, was dissolved in 
DCM (125 mL) and water (0.2 mL) and treated with 1,1,1-tris(acetyloxy)-1,1- 
dihydro-1,2-benzodioxol-3(lH)-one (Dess-Martin reagent; 15.1 mmol). The 
reaction was stirred for 30 min, diluted with DCM (100 mL), and washed with 

20 sat'd NaHC0 3 (2x40 mL), dried, and evaporated. The residue was purified 
by silica gel chromatography (30% EtOAc/hexane) to give a ketone. A 
solution of DCM (70 mL), PPh 3 (8.3 mmol), and TEA (16.5 mmol) was treated 
with the ketone (8.3 mmol) and stirred for 5 min. The mixture was washed 
with aq. Na 2 S 2 0 3 and sat'd NaHC0 3 , and the organic layer dried, 

25 evaporated, and purified by silica gel chromatography (25%EtOAc/hexane) 
to give AC2 as a white foam (2.5 g): 'H NMR (CDCI 3 ) 8 7.1 (m, 2 H), 6.9 (m, 2 
H), 5.1 (m, 2 H), 3.92 (s, 3 H), 3.2 (m, 2 H), 2.60 (s, 3 H), 1.40 (s, 9 H); FAB- 
MS m/e 379 (MH*). 

30 

EXAMPLE 7 

g.rifS^-Sarco fiinflamirio-2-f4-fliioronhanyhethvl1-5-methvloxa2ole-4- 
narboxv-cvdohex vlalanvl-aroinina hanzvlamide (7) 

35 

Compound 7 was prepared by the method described for the preparation of 
compound 1. Intermediate AC1 (1.3 mmol) was dissolved in DCM (10 mL) 
and TFA (12 mL) and the solution was stirred for 1 h. The solution was 
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concentrated to give a tan oil, and the oil triturated with hexane (50 mL). 
The oil was dissolved in DCM (60 mL), treated with Boc-Sar-OSu (1 .3 mmol) 
and NMM (4 mmol), and stirred for 24 h. The reaction was diluted with sat'd 
NH 4 CI (15 mL) and the layers separated. The organic layer was washed 
5 with sat'd NaHC0 3 (20 mL). dried (Na 2 S0 4 ), evaporated, and purified by 
silica gel chromatography (2%MeOH/DCM) to give an oil. The oil was 
dissolved in THF (10 mL), cooled to 5°C, treated with aq. LiOH (1 mmol/6 mL 
water), and the mixture stirred for 2 h. The reaction mixture was acidified 
with citric acid (0.2 g) and extracted with CHCI 3 (2x70 mL). The organic 
10 materials were dried (Na,S0 4 ) and evaporated to give a foam. The foam 
(0.6 mmol) was dissolved in DCM (60 mL) and the solution was treated with 
H-Cha-OMe»HCI (0.6 mmol), HOBT (3 mg), EDOHCI (1 mmol), and NMM 
(1.5 mmol). This mixture was stirred for 2 h, diluted with sat'd NH 4 CI (15 
mL), and the layers separated. The organic layer was dried (Na 2 S0 4 ), 
15 evaporated, and the residue was purified by silica gel chromatography (3% 
MeOH/DCM) to afford a tan oil. The oil was dissolved in THF (5 mL), cooled 
to 5°C, treated with aq. LiOH (0.2 mmol/4 mL water), and the mixture was 
stirred for 2 h. The reaction mixture was then was acidified with citric acid 
(0.5 g) and extracted with CHCL, (2x50 mL). The organic materials were 
20 dried (Na 2 S0 4 ) and evaporated to give a glass (0.71 g). The glass (1 .2 
mmol) was dissolved in DCM (60 mL) and the solution was treated with H- 
Arg(Pmc)-NHBn (1.2 mmol), HOBT (5 mg), EDC-HCI (2.4 mmol), and NMM 
(1.2 mmol). This mixture was stirred for 2 h, diluted with sat'd NH 4 CI (20 
mL), and the layers separated. The organic layer was dried (NajSO,), 
25 evaporated, and the residue was purified by silica gel chromatography (7% 
EtOH/DCM) to afford a clear glass (0.3 g). The glass was dissolved in DCM 
~ (5 mL) and anisole (0.5 mL), the resultant solution was treated with TFA (10 
mL), and stirred for 2.5 h. The solution was evaporated, and the resultant 
glass triturated with Et 2 0 (4x25 mL), dried (Na 2 S0 4 ), and isolated as a white 
30 powder (0.10 g): mp 117-1 21 °C; FAB-MS m/e 734 (MH+). Anal, calcd. for 
C38H52N9O5F • 2.0 TFA • 0.5 H 2 0 (970.94): C, 51.96; H, 5.71 ; N, 12.98; KF, 
0.94. Found: C, 51.88; H, 5.89; N, 12.60; KF, 1.0. 
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EXAMPLE 8 



P-f1fS^Nftau^-Benzvl-histidineam idn-2-f4-fluomnhflnvhflthvn-5- 
5 mftthvloxazole-4-carboxy ^vriohexvlalanvl-arainine benzvlamide (81 

Compound 8 was prepared, by the method described for the preparation of 
compound 7 from AC2 (1.1 mmoi) and Boc-His(Bn)-OH (1.1 mmoi), and 
isolated as a white powder (0.083 g): mp 101-1 06°C; FAB-MS m/e 890 
10 (MH+). Anal, calcd. for C48H60N11O5F • 2.6 TFA • 0.8 anisole • 1.0 H 2 0 
(1294.5): C, 54.61 ; H, 5.53; N, 1 1 .90; KF, 1 .39. Found: C, 54.23; H, 5.44; N, 
11.96;KF, 1.75. 



EXAMPLE 9 

P-firR^-Anetamido-2-r4-fliJoroDhenvi^ethvn-5-methvloxazole-4-carboxv- 
q/olnhaxvlalanvl-aroinine benzvlamide (9) 

Compound 9 was prepared by the method described for the preparation of 
20 compound 7 from AC2 (1.2 mmoi) and acetyl chloride (1.2 mmoi), and 
isolated as a white powder (0.10 g): mp 111-116°C; FAB-MS m/e 705 
(MH+). Anal, calcd. for C37H49N8O5F • 1.0 TFA • 1.0 anisole • 1.0 H 2 0 
(901.78): C, 57.54; H, 6.35; N, 12.43; KF, 2.0. Found: C, 57.71; H, 6.27; N, 
12.49; KF, 2.32. 

25 



EXAMPLE 10 



2-rifSVN.N-Dimethvl-2-f4-fl»Qrop hftnvnflthvn-S-mftthvlnxa?nle.4-carhoxv- 
30 grelohexvlalanvt-arninine hpnzvlamide M 01 

Compound 10, preparedby the method described for the peparation of 
compound 7, was synthesized via methyl 2-(1 (S)-N,N-dimethyl-2-(4- 
fluorophenyl)ethyl]-5-methyloxazole-4-carboxylate as follows. Intermediate 
35 AC2 (1.0 mmoi) was deprotected of the Boc group with TFA as described. 
The primary amine TFA salt was partitioned between DCM (50 mL) and 
sat'd NaHC0 3 (1 5 mL), and the layers separated. The organic layer was 
dried (Na 2 SO«) and evaporated to a glass. The glass was dissolved in DCE 
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(10 mL) and 37% formaldehyde (0.23 mL) at FTT and then treated with 
sodium triacetoxyborohydride (4.0 mmol). The mixture was stirred for 18 h, 
diluted with DCM (50 mL), and washed with sat'd NaHC0 3 (10 mL). The 
organic layer was dried (Na 2 S0 4 ), evaporated, and the resultant foam 

5 purified by silica gel chromatography (1 .5%MeOH/DCM) to afford methyl 2- 
[1(S)-N,N-dimethyl-2-(4-fluorophenyl)ethyl]-5-methyloxazole-4-carboxylate 
as a glass (0.24 g). This glass was used to prepare 1 0 aby the method 
described in example 7. Compound 10 was isolated as a tan powder 
(0.088 g): mp 115°C; FAB-MS m/e 691 (MH+). Anal, calcd. for 

10 C37H51N8O4F • 2.0 TFA • 2.1 H 2 0 (956.75): C, 51.47; H, 6.03; N, 11.71; KF, 
3.95. Found: C, 51.24; H, 6.28; N, 12.09; KF, 4.23. 
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WE CLAIM: 

1 . A compound represented by the general formula (I): 




R 1 R 3 

(I) 



wherein is an amino acid residue selected from Sar, Gly, His, 
10 His(CH 2 Ph), He, Ser, Thr, p-Ala, Ala, a C 2 -C 6 -acyl group and a C r C 8 -alkyl 
group; 

wherein A 2 is an alkyl amino acid residue selected from Cha, Leu, He, 
Asp and Glu or an aminoalkyl amino acid residue selected from Lys, His, 
15 Orn, homoArg and Arg; 

wherein A 3 is an amino alkyl amino acid residue selected from Lys, His, 
Orn, Arg and homoArg; 

20 wherein A 4 is an arylalkyl residue selected from Phe and Tyr or an 

aralkyiamino group; 

wherein R, is selected from H or alkyl; 

25 wherein is aryl, substituted aryl, heteroaryl, substituted heteroaryl 

aralkyl or substituted aralkyl; 

wherein R 3 is H or alkyl; 

30 wherein X is selected from S, O, or NR 4 , wherein R 4 is selected from H 

cr alkyl; 

and the pharmaceutical^ acceptable salts thereof. 

35 
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2. The compound of claim 1 wherein X is O. 

3. The compound c;aim 1 wherein X is S. 

5 

4. The compound of claim 1 wherein X is NR 4 . 

5. The compound ot claim 1 , wherein: 
A 1 is an amino acid residue; 
A 2 is an alkyl amino acid residue; 
A 3 is an aminoalkyl amino acid residue; 
A 4 is araikyl; 
R 1 is H or alkyl; 
R 2 is aryl or substituted aryl; 
R 3 is H or alkyl; and 
Xis S, O, or NR 4 ; 

and the pharmaceutical ly acceptable salts thereof. 

6. The compound of claim 5 wherein X is O. 
20 

7. The compound of claim 5 wherein X is S. 

8. The compound of claim 5 wherein X is NR 4 . 

25 9. The compound of claim 1 , selected from any of: 

2-[1(S)-Sarcosineamido-2-(4-fluorophenyl)ethyl]oxazole-4-carboxy- 
cyciohexylalanyl-arginine benzylamide, 

30 2-[1(S)-p-Alanineamido-2-(4-fluorophenyl)ethyl]oxazole-4-carboxy- 
cyclohexylalanyl-arginine benzylamide, 

2-[1(S)-Sarcosineamido-2-(4-fluorophenyi)ethyl]thiazole-4-carboxy- 
cyclohexylalanyl-arginine phenethylamide, 

35 

2-[1(S)-Sarcosineamido-2-(4-fluorophenyl)ethyl]triazole-4-carboxy- 
cyclohexylalanyl-homoarginyl-phenylalanineamide, 

24 
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2-l1(S)-lsoleucineamido-2-(4-fluorophenyl)ethyl]triazole-4-carboxy- 
cyclohexylalanyl-arginyl-phenylalanineamid , 

2-[1(S)-Sarcosineamido-2-(4-fluorophenyl)ethyl]thiazole-4-carboxy-lysyl- 
5 arginine phenethylamide, 

2-(1(S)-Sarcosineamido-2-(4-fluorophenyl)ethyl]-5-methyloxazole-4- 
carboxy-cyclohexylalanyl-arginine benzylamide, 

10 2-[1(S)-N(tau)-Benzyl-histidineamido-2-(4-fluorophenyl)ethyll-5- 
methyloxazole-4-carboxy-cyclohexylalanyl-arginine benzylamide, 

2-[1 (S)-Acetamido-2-(4-fluorophenyl)ethyl]-5-methyloxazole-4-carboxy- 
cyclohexylalanyl-arginine benzylamide and 

15 

2-[1 (S)-N,N-Dimethyl-2-(4-fluorophenyl)ethyl]-5-methyloxazole-4-carboxy- 
cyclohexylalanyl-arginine benzylamide. 

20 10. A compound of claim 9 selected from the group consisting of: 

2-[1(S)-Sarcosineamido-2-(4-fluorophenyl)ethylloxazole-4-carboxy- 
cyclohexylalanyl-arginine benzylamide, 

25 2-l1(S)-p-Alanineamido-2-(4-fluorophenyl)ethyl]oxazole-4-carboxy- 
cyclohexylalanyl-arginine benzylamide and 

2-[1(S)-Sarcosineamido-2-(4-fluorophenyl)ethyl]thiazole-4-carboxy- 
cyclohexylalanyl-arginine phenethylamide. 
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1 1 . A compound of claim 1 of the formula: 




R 3 

wherein A 1 is an amino acid residue selected from Sar, Gly, His, 
5 His(CH 2 Ph), lie, Ser, Thr, (S-Ala, Ala, a C 2 -C 6 -acyi group or a C r C 8 -alkyl 
group; 

wherein A 2 is an alky I amino acid residue selected from Cha, Leu, He, 
Asp and an amino alkyl amino acid residue selected from Lys, His, Om, 
10 homoAarg and Arg; 

wherein A 3 is an amino alkyl amino acid residue selected from Lys, His, 
Om, Arg and homo Arg; 

15 wherein A 4 is an arylalkyl residue selected from Phe, Tyr or an 

aralkylamino group; 

wherein R 3 is H or alkyl; 

20 wherein X is selected from S, O, or NR 4l wherein R 4 is selected from H 

or alkyl; 

and the pharmaceutical^ acceptable salts thereof. 

25 

12, The compound of claim 1 1 wherein X is O. 

13, The compound of claim 1 1 wherein X is S. 
30 14. The compound of claim 1 1 wherein X is NR 4 . 



26 



WO 99/42475 



PCT/US99/02627 



15. The compound of claim 1 1 wherein: 

Ajis an amino acid residue; 

A 2 is art aikyl amino acid residue; 

A 3 is an amino alkyl amino acid residue; 

A 4 is arylalkyl or aralyklamino; 

R 3 is H; and 

XisS, OorNR 4 . 

16. The compound of cl$um 1 5 wherein X is O. 

17. The compound of claim 1 5 wherein X is S. 

18. The compound of claim 1 5 wherein X is NR 4 . 

19. The compound of claim 1 wherein the pharmaceutical^ acceptable 
salt is the trifluoroacetate. 

20. A composition for treating platelet-mediated thrombotic disorders 
comprising the compound of claim 1 in an effective amount for treating such 
disorders in combination with a pharmaceutical^ acceptable carrier. 

21. A method of treating platelet-mediated thrombotic disorders comprising 
administering to a patient afflicted with such disorder an effective amount of 
the compound of claim 1 to treat such disorder. 

22. The method of claim 21 , wherein the amount is 0.03 mg to 100 
mg/kg/day. 
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